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Abstract 

Bioelectrical impedance analysis (BIA) is a widely used 
method for estimating body composition, yet issues concerning its 
validity persist in the literature. The purpose of this study was to 
validate percentage of body fat (BF) values estimated from BIA 
and skinfold (SF) with those obtained from hydrodensitometry 
(HD). Percent BF values measured via hand-to-hand BIA (BIA- 
H), foot-to-foot BIA (BIA-F), sum of three skinfolds (SF-3), and 
sum of seven skinfolds (SF-7) were compared to HD in 64 young 
Caucasian adults (33 males, 31 females, mean age + SD = 21.2 
+ 3.4 years) in the same morning. Correlations with HD ranged 
from r = .71 - .73 except for (BIA-F), which was r = .63. BIA- 
F significantly overpredicted body fatness (%BF) (t = 3.8, p < 
.001) in comparison with HD. BIA-H, SF-3, and SF-7 were not 
significantly different (SE = 0.78 - .83) from HD. Caution should 
be exercised when using BIA-F based on existing manufacturer’s 
equations with young adults. These data suggest that BIA-H can 
produce acceptable body fat measures for young adults but is not 
superior to SF-3 estimates. 
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Introduction 

Accurate, noninvasive and easy to use field methods for 
assessing body composition are needed in clinical, community, 
and research settings to properly identify a client’s health risk 
of excessively high or low body fatness. One of these methods, 
bioelectrical impedance analysis (BIA), is a growing technique that 
ranks similar to skinfold measurement in its accuracy, precision 
and objectivity (Houtkooper, Lohman, Going, & Howell, 1996). 

BIA is based on the principle of resistance to the flow of 
electrical current due to differences in water content of fat and 
lean tissue (Wagner & Heyward, 1999). Lean tissue contains large 
amounts of water and electrolytes and is a good conductor of 
electrical current. Fat tissue, on the other hand, is anhydrous and a 
poor conductor; therefore, the larger the fat tissue, the higher the 
resistance to electrical current and the higher the adiposity. 

BIA has proven to be a popular method of body composition 
assessment because it is quick, inexpensive, and does not intrude 
upon the client’s privacy. In many clinical and community settings, 
it has replaced skinfold measurement as the field method of choice. 
This may be in part due to the fact that accurate measurement of 
skinfolds is dependent on the technique, skill, and experience of 
the tester (Roche, 1996), whereas BIA may be administered by 
examiners with little or no experience. In addition, Wagner and 
Heyward (1999) note that “because it is difficult to obtain accurate 
SKF measurements on older adults and obese individuals due to 
loose connective tissue and large fatfolds, BIA is the preferred field 
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method of estimating percent body fat (BF) in these populations,” 

(P-144). 

Validation studies have been undertaken on a number of cohorts 
and have focused primarily on a comparison of BIA with criterion 
methods. The research is extensive and has produced equivocal 
findings. For example, a review of 18 BIA studies on athletes and 
body builders found significant differences between BIA and HD 
in 13 of them (Clark, et al„ 1993; Clark, Kuta, & Sullivan, 1994; 
Clark, Bartok, Sullivan, & Schoeller, 2005; Colville, Heyward, 
& Sandoval, 1989; Cordain, Richau, & Johnson, 1995; Diboll 
& Moffit, 2003; Dixon, Deitrick, Pierce, Cutrufello, & Drapeau, 
2005; Dixon, Deitrick, Cutrufello, Drapeau, & Lovallo, 2006; 
Hortobagyi, et ah, 1992; Kilduff, Lewis, Kingsley, Owen, & 
Dietzig, 2007; Kirkendall, Grogan, & Bowers, 1991; Moon, Tobkin, 
Smith, et ah, 2008a; Moon, Tobkin, Costa, et ah, 2008b; Oppliger, 
Nielsen, & Vance, 1991; Oppliger, Nielsen, Shetler, Crowley, & 
Albright, 1992; Utter, et ah, 2005; Utter & Lambeth, 2010; Volpe, 
Melanson & Kline, 2010). Similarly, in 15 body composition studies 
on women, only 4 showed a high level of agreement between BIA 
and criterion methods (Andreoli, Melchiorri, & De Lorenzo, 2002; 
Brandon & Bond, 1999; Civar, Aktop, Tercan, Ozdol, & Ozer, 
2006; Demura, Sato, & Kitabayashi, 2004; Eaton, Israel, O’Brien, 
Hortobagyi, & McCammon, 1993; Erselcan, Candan, Saruhan, 
& Ayca, 2000; Evans, Arngrimsson, & Cureton, 2001; Heyward, 
et ah, 1992; Iswara, Lukito, & Schultink, 2007; Jakicic, Wing, & 
Lang, 1998; Lupoli, et ah, 2004; Miyatake, Takenami, Kawasaki, 
& Lujii, 2005; Segal, Gutin, Presta, Wang, & Van Itallie, 1985; 
Stolarczyk, Heyward, Hicks, & Baumgartner, 1994; Stolarczyk, 
Heyward, Goodman, Grant, Kessler, et ah, 1995). On the other 
hand, among active, young nonathletes, who were the focus of the 
present study, prior research found significant differences between 
BIA and reference methods in only one of four studies (Civar, Ozer, 
Aktop, Tercan, & Ayceman, 2003; Civar et ah, 2006; Kaminsky 
& Whaley, 1993; Swartz, Swartz, Evans, King, & Thompson, 
2002). In almost all of these studies the authors suggested further 
validation of BIA. 

More recently, two second-generation BIA devices have 
replaced the traditional tetrapolar BIA in the marketplace - a 
foot-to-foot machine (BIA-L) resembling a bathroom scale, and 
a hand-to-hand machine (BIA-H). The Tanita TBL-315 Body Eat 
Monitor is a common BIA-F instrument in the marketplace. With 
the BIA-F, the individual stands barefoot on the footpads while a 
low-level electrical current is introduced into the body at a fixed 
frequency. The Omron Body Logic Fat Loss Monitor is a popular 
BIA-H instrument in which the individual stands erect with the 
arms extended shoulder-height and in front of the body. Each hand 
grasps one side of the handle on the device while the electrical 
current is introduced. 

Previously, BIA-F and BIA-H have been compared to 
traditional tetrapolar BIA (Ritchie, Miller, & Smiciklas-Wright, 
2005) and to reference methods but rarely to each other. Recently, 
Williams, Barnes, & Pujol (2010) compared two different BIA- 
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F models, the Tanita BF-350, Tanita BF-522, with three BIA-FI 
instruments, the Omron HBF-500, Omron FlBF-300 and Omron 
FlBF-306 and found only the Omron FlBF-500 to have a high level 
of agreement with DEXA. Considering the inherent possibilities 
of measurement inaccuracy using BIA, it is important for fitness 
specialists and other strength and conditioning professionals who 
utilize BIA instruments to understand the relative validities of these 
devices. Therefore, the purpose of this study was to compare BF 
measurements provided by foot-to-foot and hand-to-hand BIA to a 
criterion method (HD) and Jackson-Pollock skinfold measures. 

Method 

Participants and Procedures 

Students from a midsize comprehensive university in the 
Southeastern United States were recruited from majors’ classes, a 
campus recreation center, and by word of mouth. Individuals with 
physical limitations, those taking diuretics, or athletes involved 
in daily practices were excluded from study participation due to 
known BIA measurement standards (NIH, 1994). After providing 
consent, participants included 64 young, healthy Caucasian adults 
(33 males, 31 females (21+3 years of age). The Institutional 
Review Board of the university granted approval for the study. The 
order of measurement was randomly assigned to participants as 
they entered the laboratory. 

Body fatness via foot-to-foot BIA (BIA-F) was measured using 
the Tanita Body Fat Monitor, Model TBF-315 (Tanita Corporation 
of America, Inc., Arlington Heights, IL) to the nearest 0.1%. 
Subjects stood erect with bare feet on the device’s footpads. Body 
fatness via hand-to-hand BIA (BIA-H) was measured using the 
Omron Body Logic Fat Loss Monitor (Omron Healthcare, Inc., 
Bannockburn, IL). Subjects stood erect with arms forward at 
shoulder height. The investigator asked the subject about the amount 
of physical activity performed weekly and selected either the adult 
or athlete mode depending on the response. Since BIA estimates 
have previously established reliability within the same activity 
mode setting (Cordain, Whicker & Johnson, 1988; Erceg, et ah, 
2010; Houtkooper et ah, 1996; NIH, 1994), only singles measures 
for BIA-H and BIA-L were needed and therefore obtained. 

Because BIA estimates are affected by changes in water content, 
hydration levels and blood circulation are known to have an effect. 
In accordance with manufacturer’s specifications, participants 
were tested in early morning before water, food, caffeine, or 
alcohol intake, exercise or showering. Subjects verbally verified 
adherence to these instructions before testing. Temperature (21- 
22°C) and relative humidity (-740 mmHg) of the laboratory were 
maintained at a comfortable level throughout testing. 

Skinfold measurements were taken with Harpenden skinfold 
calipers at carefully marked sites on the anterior thigh, anterior 
iliac crest, subscapular, chest, midaxilla, abdomen, and triceps by 
two experienced skinfold testers. Intertester reliability (r = .97) was 
established using a separate random sample of 10 college students 
from a class in exercise science. Harpenden skinfold calipers are 
widely accepted as the “Gold Standard” instrument for skinfold 
measurement (Whitehead, 1990). The calipers were calibrated for 
tension and with a substance of known width prior to testing. Sites 
were carefully marked and a minimum of two trials at rotating 
sites were taken. If the two measures at a site differed by more 


than 3 mm, a third measure was taken. The mean of the two closest 
measures was recorded and used in the calculation of BE. 

Using anterior thigh, anterior iliac crest, and triceps measures 
(women) and anterior thigh, chest, and abdomen measures (men), 
body densities were determined (Jackson & Pollock, 1978; Jackson, 
Pollock & Ward, 1980) and the Siri (1956) formula generated 
BP estimates from the sum of three skinfolds (SP-3). All seven 
measures were summed to compute the sum of seven skinfolds 
(SF-7), which then produced BP estimates. 

Whole-body density was determined by underwater weighing 
in a fasted state. After determining body mass in air to the nearest 
0.1 kg on a Detecto scale, residual volume was measured using 
spirometry. Polio wing this, participants entered the underwater 
weighing tank and were seated in a chair suspended from a 9- 
kg Chatillion autopsy scale. A minimum of seven measurements 
were taken to obtain three weights within 100 g (Bonge & 
Donnelly, 1989). The mean of the three highest trials was used 
as the underwater weight. Body density values were converted to 
BP using the Siri equation (1956). The reader is referred to the 
classic work of Behnke and Wilmore (1974) and the later article by 
Wagner and Heyward (1999) for more thorough reviews of these 
techniques. 

Analysis of Data 

Pearson product-moment correlations were calculated between 
HD and each of the field methods. Paired t-tests were used to 
compare the mean BF of the methods. Significance was set at 
p < .01 to reflect the increased chance of error associated with 
multiple t-test comparisons. All analyses were performed using 
SPSS version 17.0. 

Results 

Mean (+SD) BF for all methods of body composition analysis 
are presented in Table 1. Only BIA-F was found to be significantly 
different from HD (p < .01) in its estimate of BF. 


Table 1. Descriptive Statistics for Body Composition 
Methods (%BF) 


Method 

Females (n=31) Males (n=33) 

Both (n=64) 

BIA-F 

M 

25.8 

19.1 

22.4* 


SD 

6.9 

7.6 

8.0 

BIA-H 

M 

20.6 

16.1 

18.3 


SD 

5.5 

6.5 

6.4 

SF-3 

M 

21.6 

15.5 

18.5 


SD 

5.6 

6.3 

6.7 

SF-7 

M 

21.9 

15.3 

18.5 


SD 

5.4 

6.2 

6.7 

HD 

M 

21.0 

17.8 

19.3 


SD 

5.3 

6.8 

6.3 


BIA-F = Tanita TBF-515 Body Fat Monitor/Scale (Foot-to-Foot) 
BIA-H = Omron Body Logic Fat Loss Monitor (Hand-to-Hand) 
SF-3 = Sum of Three Skinfolds 
SF-7 = Sum of Seven Skinfolds 
HD = Hydrodensitometry 
* Significantly different from HD, p < .01 
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Significant intermethod agreement (Table 2) was demonstrated 
between each of the methods and HW (p < .01). Correlations 
between the two bioelectrical impedance measures, BIA-F and 
BIA-H, with HD were r - 0.63 and r = 0.73 respectively. 


Table 2. Correlations between Bioelectrical Impedance, 
Skinfolds and Hydrodensitometry. 



BIA-F 

BIA-H 

HD 

SF-3 

SF-7 

BIA-F 

1.0 

.61* 

.63* 

.66* 

.65* 

BIA-H 

.61* 

1.0 

.73* 

.69* 

.73* 

HD 

.63* 

.73* 

1.0 

.71* 

.72* 

SF-3 

.66* 

.69* 

.71* 

1.0 

.92* 

SF-7 

.65* 

.73* 

.72* 

.92* 

1.0 


*Significant at p < .01 


The correlation between BIA-F and its sister method, BIA-H, 
was r = 0.61. BIA-F significantly overpredicted BF (t = 3.8, p < 
.001) in comparison with HD (Table 3). The skinfold measures 
consistently underpredicted BF in comparison with HD. The small 
differences (1.0 - 1.2%) in BF with BIA-H, SF-3, and SF-7 were 
not significantly different from HD. 


Table 3. Summary of Mean Differences From 


Hydrodensitometry (%BF). 


Method 

MD 

SD 

95% Cl 

t 

BIA-F 

3.042 

6.348 

1.46-4.63 

3.83* 

BIA-H 

-1.014 

4.640 

-2.17- .14 

-1.75 

SF-3 

-0.886 

4.950 

-0.35-2.12 

1.43 

SF-7 

-0.792 

4.896 

-0.43 - 2.02 

1.30 


* Significant at p < 0.01 

MD = mean difference 

SD = standard deviation 

95% Cl = 95% confidence interval 

Discussion 

The results of this study on the validity of the BIA-F and BIA- 
H methods demonstrated generally high intermethod agreement 
among BIA, skinfolds and HD. The only significantly different 
estimate of BF from HD was found with the BIA-F method (mean 
difference - 3.1%). 

A review of more than 70 previous BIA studies with different 
cohorts found considerable variability in intermethod agreement. 
Among non-obese, adult non-athletes, some evidence supports the 
validity of BIA with this population (Biaggi et al., 1999; Eaton 
et al., 1993; Erceg et al., 2010; Erselcan et al., 2000; Evans et al, 
2001; Heyward et al., 1992; Kaminsky & Whaley, 1993; Kremer 
et al., 1998; Kyle et al., 2004; Levenhagan et al., 1999; Maughan, 
1993; Moon et al., 2008a; Ross et al., 1989; Swartz et al., 2002; 
Unick, Utter, Schumm, & Mclnnis, 2006). 

In some studies, BF differences between BIA and reference 
methods were significant. BIA overestimated BF by more than 
3% and 4% in men and women when BF was higher than 15% 
and 25% respectively (Sun et al., 2005). In a study on young, 
healthy women, Andreoli et al., found a significant difference in 
BF between a Tanita bipedal BIA and DEXA (2002). Paijmans, 
Wilmore and Wilmore compared BIA and SF with HD in 


individuals who underwent rapid weight loss and found significant 
differences between methods (1992). 

In another study, Williams et al., found differences between 
DEXA and five different BIA instruments, including both BIA-H 
and BIA-F models, in a study on young adult nonathletes (2010). No 
explanation was offered by the authors to explain this discrepancy. 
However, earlier work suggests that the different equations used for 
athletes and non-athletes may have created some bias (Fogelhom 
& van Marken Lichtenbelt, 1997). Alternately, variations in fluid 
distribution may have manifested these differences. This study 
is interesting because fitness practitioners who measure their 
clients’ BF may be likely to pick up the most readily available 
BIA instrument, believing it to be accurate, and this may not be 
the case. 

Kyle, et al., (2004) have suggested that BIA works well in 
healthy subjects with stable water and electrolytes balance with a 
BIA equation appropriate to age, sex and race. On the other hand, 
Dehghan and Merchant (2008) have cautioned against the use 
of BIA for large epidemiological populations where race, ethnic 
group, and conditions vary. Based on this and earlier research, 
BIA-H would appear to be a reasonably valid method of body 
composition analysis for use with adult non-obese Caucasians, 
whereas BIA-F is a less acceptable alternative method with this 
population. 

Future research should assess the validity of bioelectrical 
impedance analysis among more culturally diverse samples, with 
older adults and obese individuals. 
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